Biochars generated from swine manure, fruit peels, Phragmites australis and Brassica rapa were applied to a Psammaquent and a Plinthudult. The Phospholipid (PLFA) markers indicating different microbial communities and available concentrations of elements (K, Ca, Na, Mg, Al, Cr, Cu, Zn, Cd, Pb, Ni, As, Mn, Fe, B, Mo) were measured. Relationships between microbial communities and available concentrations of elements were also calculated. Microbial communities such as bacteria, fungi, protozoa, actinobacteria, G+ve and G-ve were significantly changed within biochar type and application rate compared to the control soils. The ratio of PLFAs indicating nutritional and environmental stress in microbial communities were increased in all biochar treatments to the Plinthudult but reduced in the Psammaquent compared to the control soils. The biochar addition to soils also changed the soil available element concentrations. Such as, swine manure biochar 3% significantly increased the Ca, Mg, Cu, Zn, As and Mo available concentrations in both soils. Study concludes that different biochar types and addition rates to soils changed the microbial community structure and available element concentrations in soils. Furthermore, biochars containing lower concentration of elements such as fruit peel and B. rapa biochar application to soils can reduce the availability of elements in soils.
Introduction
Worldwide atmospheric increases in greenhouse gases are mainly caused by emissions from the combustion of fossil fuels e.g. gas, coal and oil.
Pyrolysis is the slow and incomplete combustion of biomass in oxygen limited condition consequently it produces biochar, gas and oil. Biochar is only very slowly decomposed in soil, providing the slow cycling of organic carbon (Ameloot et al., 2013) .
Its incorporation to soil is one of the recommended
technique to control the carbon (C) fluxes among environmental compartments (Mathews, 2008) .
In addition, specific effects of biochar on the soil ecosystem depends upon its physicochemical properties, which are determined by the feedstock type (agricultural residues, livestock excreta) and pyrolysis conditions (temperature, atmosphere and time) (Marris, 2006; McCormack et al., 2013; Titirici et al., 2007) . Pyrolysis is the most suitable technique for biochar production. However, 20-30 % of the energy of original biomass is lost during the pyrolysis process and the formation of aromatic rings (Titirici et al., 2007) .
Biochars with fertilizers, have been reported to improve the soil structure and function (Glaser et al., 2002) and possibly slow the turnover of native soil carbon (Liang et al., 2012) . Both improved soil nutrient retention and crop yields in highly leached tropical soils (Lehmann, 2007) , have been attributed to the incorporation of biochar to agricultural soils , probably by improving the availability of nutrients to plants (Lehmann et al., 2003; Silber et al., 2010) . Enhanced crop growth due to biochar incorporation is also attributed to the neutralization of phytotoxic compounds and pH coupled with the stimulation of soil organic matter mineralization (McCormack et al., 2013) . It also stimulates the mycorrhizal fungal growth and changes in soil microbial populations and their activities (Kolton et al., 2011) . Biochar applications also have some disadvantages in soils. For example, biochars decrease soil N availability in N deficient soils due to the higher C:N ratio of the biochar. This causes increased N immobilization, which, in turn, can decrease crop yield (Asai et al., 2009) . Potential negative aspects of biochar on soil quality (adverse effects on microbial community structure, nutrient immobilization and increasing native soil organic matter loss) have been raised (Zimmerman, 2010) . Currently, there is no way to remove biochars from soil, at least at the field scale.
Biochar addition to agriculture soil may decrease the efficiency of foliar applied pesticides and herbicides.
Biochar reduces the leaching of heavy metals and decreasing the environmental contamination and human exposure. It can also affect the food chain by their adsorption and nutrient uptake reduction (Jones et al., 2011) . Sufficiently high biochar applications to soils change their pH and ultimately change the soil biota (Lehmann et al., 2011) .
Microbial communities mineralize soil organic matter during nutrient cycling. Trophic interaction between soil fauna regulates microbial community structure and activity, influencing the rates of nutrient cycling and ultimately plant productivity.
Furthermore, soil physical alterations occur due to the activities of larger soil organisms (e.g. earthworms).
Soil microbial fauna and their interactions modify
the soil structure and function, including the stabilization and sequestration of soil organic carbon (McCormack et al., 2013) . Several techniques have been developed to study the microbial communities in soil, among them microbial phospholipid fatty acid analysis (PLFAs) is a efficient and proven technique to examine microbial community structure and their response to environmental stress as well as adaptations to new nutritional sources. This can help to investigate beneficial and sustainable ecosystem processes (Kong et al., 2011) .
Biochars influence the microbial population in soils (Lehmann et al., 2011) such as anaerobic bacteria (Ameloot et al., 2013) , mycorrhiza in sandy loams and composts (Jindo et al., 2012) . Furthermore, biochar and smoke extract stimulate the bacterial (Steiner et al., 2008) and fungal community in soil (Sun et al., 2012) . We hypothesized that higher concentration of specific elements in biochars generated from different feed stocks can influence the microbial community structure and soil quality by increasing or decreasing the available element concentrations in different soils.
We applied four biochars at two different rates to Plinthudult and Psammaquent to study their impact Addition impact of biochar from different feed stocks on microbial on microbial community structure and available element concentrations in these soils.
Materials and Methods

Soil collection and classification
The Psammaquent and Plinthudult were collected from Zhejiang province of China. The particulate size of soils has been published previously . According to the Chinese classification system these soils are Red Earth and the USDA system classifies these soils as Psammaquent and Plinthudult. Soils were collected from the peripheral layers (0-15 cm depth) at the sampling locations (Wu et al., 2009a) . The soils were transported to the laboratory and soil debris removed by hand. The soils were air dried, and milled < 2 mm. Soil samples were subjected to physico-chemical analyses before experimental use, as given in the Protocols of the Agricultural Chemistry Committee of China (1983) and accordingly clay, loam and sand contents of soil were determined by the hydrometric method.
Biochar production
Feedstocks of swine manure, fruit peels, Phragmites australis and Brassica rapa were collected from Xixi wetland (30°16′ 14″ N, 120°3′ 45″E), Hangzhou, China at harvesting stage. Hangzhou receives an average annual rainfall of 1450 mm and average annual temperature is 16.2 ˚C. Feedstocks were airdried, crushed into small pieces (1 mm) and pyrolyzed at 500 ˚C for 2 h in a muffle furnace (Shanghai Yi Zhong Electricity Furnace Inc, Shanghai, China) under limited oxygen. The pyrolysis temperature was raised at 26 ˚C min -1 and then held at 500 ˚C for 2 h Yuan et al., 2011) . After cooling, the biochars were ground to a powder by an electric grinder before use.
Experimental design
Soils were incubated at 25 ˚C for one week at 70 % of water holding capacity (WHC) for stabilization of soil chemistry and microbiology. After incubation, 1 and 3 % (w/w; oven-dry soil basis) of each biochar was added to each moist soil in triplicate. Control soils were treated identically, except that biochar was not added. Each biochar at 1 and 3 % were carefully mixed. Biochar amended soils were incubated in plastic bags and moisture was maintained at 70 % of WHC by adjusting to weight with deionized water weekly. Sub samples were collected after 180 days from each treatment. Soil samples were stored at -70
˚C for PLFA and element analysis.
Element extraction and analysis
The freeze dried soil samples (0.2 g) were weighed into 50 ml Teflon tubes, and digested with 5ml HNO 3 (75 %), 1 ml HClO 4 (72 %) and 1 ml HF (40 %) at 100 °C for 6 h. The digested samples were filtered (0.45µm) and the final volumes adjusted to 30 mL.
The ammonium acetate-extractable elements were determined following the extraction procedure as described (Van Ranst, 1999 
Microbial biomarkers
All the detected PLFAs from the soils, each treated with 4 biochars, were used to estimate the PLFA markers of the different microbial groups. The sum of PLFA makers' (Σ=i15:0, a15:0, 15:0, i16:0, i17:0, cy17:0, a17:0 and cy19:0) were used as representatives of general bacteria accordingly (Bossio et al., 1998) . Fungi were represented by (Σ= 18:1w9c and 18:2w6,9c) PLFA markers (Myers et al., 2001; Rinnan and Bååth, 2009 (Mutabaruka et al., 2007; Ratledge and Wilkinson, 1988) . The Gram positive (G+ve) bacteria were represented by (Σ=i14:0, i15:0, a15:0, i16:0, a17:0 and i17:0) PLFAs (Zelles et al., 1997 were considered the indicators of nutritional stress.
These ratios have formerly been used as indexes of ecological stress (Hedlund, 2002; McKinley et al., 2005; Pettersson and Baath, 2003) . All analyses were performed in triplicate and expressed as mol % of total PLFAs.
Statistical analysis
Three replicates of individual fatty acids were used in all analyses and articulated in mol %. Average 
Results and Discussions
Elemental analysis of soils and biochars
The total elemental concentrations in the Psammaquent, Plinthudult and biochars were measured by ICP Mass Spectrometry (Table 1) 
Plinthudult
The available elemental concentrations in biochar amended Plinthudult were measured after 180 days.
Biochar type and application rates (1 and 3 %) significantly changed the available concentration of elements in Plinthudult ( Table 2) it can improve the crop yield in biochar added soils.
Microbial community structure in biochar amended soils
Psammaquent
The sum of PLFA markers (mol %), indicating different microbial groups identified in biochar treated Psammaquent and control soil was measured (Table 3) .
The bacterial PLFA markers were significantly changed with biochar types and treatment rates to the soil. The bacterial PLFAs in fruit peels, swine manure and P. (Table 3 ). The Psammaquent contain higher sand content and less density, in contrast swine manure biochar have smaller particle and pore size, upon addition to soil (3 %) it reduces the soil density and generates anaerobic environment, which facilitates the anaerobic bacterial growth. However,
The PCA analysis in biochar treated Psammaquent (Table 5) were also markedly increased with biochar type and application rate. These were significantly increased in P. australis biochar treatment and decreased in fruit peel and B. rapa biochar (Table 3) 
Influence of available elements on microbial communities in biochar added soils
Biochar addition to soils generally increases soil microbial biomass and changes microbial community structure and competition for available nutrients (Pietikäinen et al., 2000) by changing physicochemical properties of soils (Steiner et al., 2007) . Bacteria and fungi are the primary decomposers of available soil organic matter and comprise 90 % of the soil microbial biomass (Six et al., 1998) . (Table 2) due to biochar addition, induces toxic effects on bacterial population, because several elements are lethal to bacteria at higher levels (Preem et al., 2012; Shi et al., 2002) . The fungal PLFAs were significantly increased in all biochar treatments to soils except fruit peels biochar. It indicates that fungi can grow at increased available elemental concentrations in soil as reported by Shi et al. (2002) . The significant positive correlation of G+ve bacterial PLFAs with Ni in the Plinthudult indicated that G+ve bacteria can also grow at higher available concentrations of specific elements.
The actinobacteria were decreased in all biochar treated soils except the swine manure biochar treatments to Psammaquent and it may be due to the increased available elemental concentrations or increased protozoal Addition impact of biochar from different feed stocks on microbial population exerting grazing pressure on bacteria. In Plinthudult, the concentrations of protozoal PLFAs were significantly increased with all biochar treatments, except P. australis biochar treatment (Table 3) . Here, the positive correlations of protozoal PLFAs with Mg, Zn and As (Table 4 ), indicated that the increased concentrations of available elements positively influenced the protozoal population in biochar amended Plinthudult. The possible reason might be the increased porosity of soils due to biochar which facilitate the protozoal population.
The G-ve PLFAs were slightly decreased in biochar amended Plinthudult but significantly increased in the Psammaquent compared to the control soil (Table 3) and showed a significant positive correlation with Na, Mg, K, Ca, Fe and negatively with Pb in the Psammaquent.
This indicates that increased concentrations of available elements due to biochar (Table 2 ) affected the growth of G-ve bacteria in soils. The G+ve PLFAs were not significantly changed in the Plinthudult but decreased in all biochar treatments to the Psammaquent (Table 3 ) and negatively correlated with K (Table 4 ). This indicates that increased concentrations of available K due to biochar (Table 2) reported previously (Liang et al., 2012) . 
